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improved hypocycOodrtiMi 



@ The apparatus which re du ces ttte rotational speed of 
the motor and increases ttie torque tttereof Includes a trans^ 
nrisston ^Indle stiaft (SM) lutaliiig In afirst rotational direc- 
tion. A circular gear (28) tiaving two sets of oclemal gear 
te^ (34. 36) is operatively connected to ttie transmission 
spindle shaft for rotational movement ttiereby. An annulus 
gear (38) Is fixedly disposed, such as for example t>y the 
surrounding transmission housing, and has internal gear 
teeth (40) wtiich are engageaWe wtth ttie first set of external 
^ gear teeth (34) of the circular gear (28) upon overlap 
ttieret)etween. An eccentric (26) is fixedly mounted on ttie 
^ transmission spindle stiaft (24) and freely mounts ttie dr- 
cuiar gear (28) thereon for maintaining the circular gear (28) 
^ and ttie annulus gear (38) in overtapptng relationship, thus 
^ engaging the respective gear teeth thereof. 

By means ttiereof, ttie circular gear (28) traces a tiypocy- 
doid at reduced rotational speed within the annulus gear 
00 (38) in a second rotational direction opposite to ttie first 
O rotational direction of ttie transmts^on spindle stiaft (24). A 
^ rotatable drive hub (42) having internally disposed te^ (44) 
Is disposed to surround a portion of ttie circular gear (28) 
O 3"d to receive ttie reduced rotational speed ttiereof ty 
means of ttie overlap between ttie circular gear (28) and ttie 
^ drWe hub (42). An output shaft (46) is connected to ttie drive 
III hub ('^ for recehdng and transmitting the reduced rotation- 



al speed output The various gears may preferably lie made 
of a non-machined material, such as fdrged, cast molded 
or odruded metal, plastic or ottier relatively rigid and du- 
ratde material. 
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mPBOVBD HYPOCYCLIC DRIVE TRANSMISSION APPARATUS 
BACKGROUND OF THE INVENTION 

This application for patent is a continuation-in- 
part application of copending United States patent application. 
Serial No. 793,613, filed on May 4, 1977 by the same inventor 
hereof, and is assigned to a common assignee. 

The present invention relates generally to trans- 
mission apparatus and more specifically an in^roved hypocyclic 
transmission which has found pascticular utility in conjunction 
with self-propelled, wheel-driven apparatus, such as dLrrigation 
systems, mowers, and earth moving equipment, as well as on any 
application where strength and stability cure required while 
reducing the rotational speed of the output of a power source 
and simulteineously increasing the torque thereof. 

Frequently, it has been found to be desirable or 
necessary to rotate a drive wheel member, especially in such 
applications as self-propelled circular irrigation systems, 
mowers and earth moving equipment, at a relatively low speed 
and at high torque, but with a minimum loss of power such as 
might b$ caused by the inef ficiexK:y of the transmission. For 
exan^le^ the drive wheels on a circulcuc irrigation system 
optimally require a speed of approximately 1/2 a revolution 
per minute and a torque of 50,000 inch pounds, at high effi- 
ciency preferably on the order of approximately 80-90 percent. 
As conventional power sources will not operate at such a low 
speed and high torque, speed reduction gearing must be used. 
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Means of speed reduction gearing in the prior art 
includes the worm gear speed reducer and the planetary gear 
reducer. However, neither of these prior art speed reducers 
meets the optimal requirements for such self-propelled wheel 
driven units • Specifically, the worm gear reducer is very 
inefficient at low speeds resulting in wasted energy and 
increased overhead costs to the user (and hence members of 
the consuming public), which features are imdesirable as 
further being detrin^tal to the environment and tending to 
increase dependency on foreigh energy sources. Moreover, 
the prior art planetary drive units are expensive to produce 
because of the large number of gears required and the more 
complicated support systems necessary therefor. Additionally, 
prior art devices have most usually required machined gearing, 
which is e^ensive to produce. 

One attempt to solve the aforementioned problems 
in the prior art is disclosed in U.S. Patent No. 3,381,692 
to Fry , wherein the drive unit in a self-propelled, wheel- 
driven circular irrigation syst^ is powered by an electric 
motor. That power source drives a power shaft to reciprocate 
two pawls through alternating power strokes by means of two 
eccentrics each mounted on the shaft and rotates within one 
of the pawls for alternative drive against teeth of a drive 
gear. That device is lacking, however, in optimal strength 
and has- proved to be less than optimally efficient in actual 
use. 

Accordingly, jLn view of the limitations and dis- 
advantages of the prior art, it is an object of the present 
invention to provide an improved speed reducing drive of 
uncomplicated, reliable, and caapsict construction which is 
highly efficient and relatively inexpensive and by which an 
output may be driven at relatively low speeds and high torque 
from any applicable power source. 

It is also an object of the iinproved speed reducing 
drive of the present invention to provide eccentric driven 
circular gear me a n s for engaging the external teeth thereof 
with internal teeth of a fixed annulus gear to trace thereby 
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a hypocycloid therein, the rotational component of which may 
be reversed in direction and reduced in speed relative to the 
input rotation, said speed reducing drive powering, for ex- 
conple, an output hub of wheels for self-propelled circulco: . 
irrigation systems, mowers and earth moving and/or fertilizer 
units. 

It is another object of the improved hypocyclic 
transmission apparatus of the present invention to provide a 
circular gear having first and second sets of external gear 
teethr one set of external gear teeth engaging a fixedly disr- 
posed annulus gear, and the second set of extemcLl gear teeth 
engaging and driving a rotatable drive hub which is connected 
to an output shaft for driving same. 

It is a further object of the improved hypocyclic 
transmission apparatus of the present invention to provide. a 
point of maximum overlap between the first set of external 
gear teeth of the circular gear and the internail gear teeth 
of the annulus gear, wherein the first set of external gear 
teeth of the circular gear and the internal gear teeth of the 
annulus gear are in disengaged disposition at such point of 
maximuTn overlap, but are in engaged disposition at a radial 
distance greater than 0^ but. less than 90® from the point of 
maximum overlap. 

It is a yet further object in certain ^abodiments. 
of the improved hypocyclic transmission apparatus of the 
present invention to provide the greatest length of engagement 
between such gear teeth nearest the point of maximum overlap 
and decreasing for the gear teeth disposed at increasing 
radial distance from the point of maximum overlap, wherel^ 
the respective gear teeth first come under load at the maximum 
engagement and tip loading is thereby prevented, whereby 
frictional loss and tip damage are decreased. 

It is also an object of the improved hypocyclic 
transmission apparatus of the present invention to provide 
disengaged disposition between a second set of external gear 
teeth of the circular gear and internal teeth of the drive 
hub at the point of tnajximmn overlap cuid engaged disposition at 
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a radial distance greater than 0" but less than 90" . 

It is yet another object of the improved hypocyclic 
transmission apparatus of the present invention to provide 
the maximum length of engagement between the teeth of the 
second set of gear teeth of the circular gear and the internal 
teeth of the drive hub, such length of engagement being great- 
est near the point of maximum overlap between the circular 
gear and the drive hub, and the length of the engagement for 
gear teeth disposed at increasing radial distances from the 
point of maximum overlap diminishing, whereby the respective 
gear teeth first come under load at maximum engagement. 

It is an additiozial object of the iiiproved hypo- 
cyclic transmission apparatus of the present invention to 
provide gears of such configuration that they may be made of 
a non-machined material. 

It is yet further an object of the improved hypo- 
cyclic transmission apparatus of the present invention to 
provide drive means which may be disposed between two output 
lAeels for simulta ne ously driving a pair of hypocyclic speed 
reduction means whereby both such wheels are driven. 

SDMrtMg OF THE PRBSKNT BJVENTIOH 
!Ehe improved hypocyclic transmission apparatus of 
the present invention for reducing the rotational speed of the 
output of a motor and for increasing the torque thereof in- 
cludes a transmission spindle shaft rotating in a first radial 
direction. A circular gear having two sets of external gear 
teeth is operatively connected to the transmission spindle 
shaft for rotational movement thereby. Such sets of external 
gear teeth on the circular gear may be equal in number or 
different in number. An annulus gear is fixedly disposed, 
such as for exan^le by the surrounding transmission housing, 
and has internal gear teeth which are engageable with the 
first set of external gear teeth of the circular gear upon 
overlap therebetween. An eccentric means is fixedly mounted 
on the transmission spindle shaft and freely mounts the cir- 
cular gear thereon for maintaining the circular gear and the 
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annulus gear in overlapping relationship^ thus engaging the 
respective gear teeth thereof . By means thereof ^ the circular 
gear traces a hypocycloid at reduced rotational speed within 
the annulus gear in a second radial direction, which second 
direction is opposite to the first radial direction of the 
transmission spindle shaft. A rotatable drive hub having in- 
ternally disposed teeth is disposed to surround a portion of 
the circular gear and to receive the reduced rotational speed 
thereof by means of the overlap between the circiilar gecu: and 
the drive hub. Rotational output means, such as an output 
shaft, is connected to the drive hub for receiving and trans- 
mitting the reduced rotational speed output. The varioxis 
gears may preferably be made of a non-machined material, such 
as forged, cast, molded or esctruded metal, plastic or other 
relatively rigid and durable material. 

The particular motor means used is preferably a 
hydrostatic or electric motor although any suitable power 
source may be used. The inqproved hypocyclic transmission 
apparatus of the present invention may especially be used in 
combination with self-propelled irrigation systems, mower, 
earth moving, and/or fertilizer apparatus. The improved hypo-* 
cyclic tra nsmi ssion of the present invention has broad appli- 
cation in any area vAiere improved strength and stability are 
required ^ile the rotational speed of the output of the motor 
is reduced during simultaneous increase in the torque thereof. 

Various modifications of the improved hypocyclic 
transmission apparatus of the present invention are intended 
to be embodied and will become apparent to. those skilled in 
the art from the teaching of the principles of the invention 
in connection with the disclosure of the specification, the 
claims and the drawing. 

BRIEF DESCRIPTION OF THE DRAWING 
Fig. 1 is a longitudinal, cross- sectional view 
through the improved transmission apparatus of the present 
invention showing a motor linking shaft including an associ- 
ated bevel gear rotationally connecting it to the transmission 
spindle shaft, the circular gear having first and second sets 
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of external gear teeth ^ the fixed aimulus gear having inter- 
nal gear teeth and disposed for overlap with the circular gear, 
eccentric means mounted on the transmission spindle shaft and 
freely mounting the circular geetr thereon, a rotatable drive 
hub having internal gear teeth disposed to surround the por- 
tion of the circulcu: gear having the second set of external 
gear teeth, a rotational output shaft connected to the drive 
hub, and an output wheel connected to the output shaft; 

Pig. 2 is a transverse, cross-sectional view of the 
improved transmission apparatus of the present invention 
taken along line 2 — 2 of Fig. 1, showing the overlap between 
the first set of external gear teeth of the circular gear and 
the internal gear teeth of the fixedly disposed annulus gear 
to define a point of mayirnnm overlap therebetween, showing 
gear disengagement at the point of mayimum overlap and gear 
engagement at a radial distance of greater than 0® but less 
than 90* from the point of maximnTn overlap and further showing 
the eccentric means mounting for free rotation thereabout as 
measured in the radial direction opposite to that of the input 
transmission spindle shaft, the circular gear by means of 
bearings; 

Pig* 3 is a transverse, cross-sectional view of the 
embodiment of Pig. 2 of the in^roved transmission appsucatus 
of the present Invention taken along line 3 — 3 of Pig. 1, 
showing the portion of the circular gear having a second set 
of external gear teeth, the rotatable drive hub and the in- 
ternal gear teeth thereof, and the overlap therebetween 
defining as in Pig. 2 a point of maximum overlap therebetween, 
showing gear disengagement at such point of TnaviTnu Tn overlap 
and gear engagement at a radial distance of greater than 0** 
but less than 90® from the point of TnayiTmrm overlap as measur- 
ed in the same direction of rotation as that of the input 
transmission spindle shaft; 

Pig. 4 is an enl a rged view of a portion of Pig. 2, 
showing the details of the engagement between the first set 
of gear teeth of the circular gear cuid the internal gear 
teeth of the fixedly disposed aimulus gear, wherein the length 
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of the engagement therebetween is greatest nearest the point 
of maximum overlap between the circular and axmulus gears and 
the length of such engagement diminishes for gear teeth dis- 
posed at an increasing radial distance from such point of 
maximum overlap; 

Fig. 5 is a transverse, cross-sectional view simi- 
lar to that of Fig. 3 of an alternative preferred embodiment 
of the iiiproved transmission apparatus of the present inven- 
tion wherein there is gear engageioent between cui annulus 
gear having 26 gear teeth and the first set of external 
gear teeth of the circular gear having 25 gear teeth as shown 
in Fig. 2, and as shown herein engagement between the drive 
hub having 25 teeth and the second set of extemeU. gear teeth 
having 24 gear teeth, hereby a gear reduction of 625:1 is 
att£U.ned. 

DETAILED DBSCRIPTIOH OF PREFERRED EMBODIMENTS 
The iinproved transmission apparatvis of the present 
invention functions to reduce the rotational speed of the 
output of the power source, such as for exasqple an electric 
or hydraulic nK>tor, and to , increase the torque thereof. IShe 
isqproved transmission apparatus inclvides a transmission 
spindle shaft ^ich rotates in a first radial direction. A 
circular gear having first and second sets of external gear 
teeth is operatively connected to the transmission spindle 
shaft for rotational movement thereby. A fixedly disposed 
annulus gear having internal gear teeth is engageable thereby 
with the first set of external gear teeth of the circular 
gear xxpon overlap therebetween. An eccentric means, such as 
a cam or crank arm, is fixedly mounted on the transmission 
spindle shaft and mounts the circular gear thereon through a 
central opening therein. The result is free rotation about 
the shaft by means of bearings to maintain the circular gear 
euid the annulus gear in overlapping relationship, engagement 
of the respective gear teeth thereof, and tracing by such cir- 
cular gear of a hypocycloid at redticed rotational speed within 
the annulus gear in a second radial direction, which is opposite 
to the first radial direction of rotation of the transmission 
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spindle shaft. A rotatable drive hxib has internally disposed 
gear teeth and is disposed to surround a portion of the cir- 
cular gear for engaging the second set of extenxal gear teeth 
of the circular gear upon overlap therebetween, A rotational 
output means, such as an output shaft, is connected to the 
drive hub for receiving the reduced rotational speed output 
at increased torque. The output from the rotational output 
means may be transmitted to means such as a connected \dieel 
for accomplishing work. 

In one preferred embodiment the number of internal 
gear teeth of the annulus gear is greater than the number of 
gear teeth of the first set of external gear teeth of the 
circular gear. The number of internal gear teeth of the 
drive hub may "be the same as the number of gear teeth of the 
second set of external gear teeth of the circular gear. In 
a second preferred onbodiment, the number of internal gear 
teeth of the second set of external gear teeth of the circular 
gear is less than the number of teeth of the drive hub. In 
such second preferred embodiment the difference in the number 
of gear teeth between the first set of external gear teeth 
and the annulus gear is the same as the difference in number 
of teeth between the drive hub and the second set of external 
gear teeth, although the number of gear teeth in the first set 
of external gear teeth and the drive hub need not be the same. 

In embodiments of the improved transmission appara- 
tus of the present invention where the first and second sets 
of external gear teeth are the same in number, each gear 
tooth of the first set of external gear teeth of the circiilar 
gear corresponds to a gear tooth on the second set of external 
gear teeth of the circular gear, and such corresponding gear 
teeth are disposed in a common plane, which "plane is longitu- 
dinal to the axis of rotation of the circular gear. 

Bach of the first and second sets of external gear 
teeth of the circular gear is circumf erentially disposed on 
the circular gear in separate transverse planes disposed in 
spaced relationship normally the axis of rotation of the cir- 
cular gear. 
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Motor linking means £or drivingly connecting the 
motor and the transmission spindle shaft are fiirther preferably 
provided. Such motor linking means may be disposed perpendi- 
cularly of the transmission spindle shaft, or alternatively 
may be disposed in line therewith. In embodiments where the 
motor linking means is disposed perpendicularly of the trans- 
mission spindle shaft, the motor linking means preferably 
con^rises a motor output shaft movmting a beveled gear for ro- 
tation thereby, with the beveled gear engaging a mating beveled 
gear on the transmission spindle shaft, whereby the rotational 
drive from the motor is trcuismitted for driving the transmis- 
sion spindle shaft having an axis of rotation perpendicular to 
the axis of rotation of the motor output shaft. In such case, 
the motor output shaft is journaled for rotation within bear- 
ings on at least one longitudinal side of the beveled gear 
mounted thereon. Alternatively, the power source may be 
directly cotpled to the transmission spindle shaft. 

It is further contemplated as being within the scope 
of the present invention to include a housing for the improved 
transmission apparatus, which housing may be secLLed, and which 
may be substantially filled with a lubricant material. Such 
housing may further Include a diaphragm communicating with the 
interior of the housing for controlling the pressure and 
volume thereof. 

The improved transmission appcuratus of the present 
invention yet further contemplates such overlap between the 
first set of external gear teeth of the circular gear and the 
internal gear teeth of the fixedly disposed annulus gear as to 
define thereby a point of maximum overlap therebetween. At 
such point of maximum overlap, the first set of external gear 
teeth of the circular gear and the internal gear teeth of the 
annulus gear are in disengaged disposition, and are in engaged 
disposition at a radial distance of greater than 0^ but less 
than 90^, as measured in the second radial direction in one 
preferred embodiment, and as measured in the first radial di- 
rection in an alternative preferred embodiment. In one such 
preferred embodiment, the length of such engagement between 
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the teeth of the first set of gear teeth of the circular gear 
and those of the annulus gear is greatest nearest the point 
of maximum overlap between the circular and annulus gears, and 
the length of such engagement diminishes for gear teeth dis- 
posed at increasing radial distance from the point of maximum 
overlap, vdiereby the respective gear teeth first come under 
load while at mayjnmm engagement. 

In the alternative preferred embodiment, wherein the 
number of gear teeth in the first and second sets of external 
gear teeth of the circular gear is not the same, the external 
gear teeth of the circular gear first come under load while 
at minimal engagement and such engagement occurs at a radial 
distance of greater than but less than 90- as measured in 
the first radial direction. 

The improved transmission apparatus of the present 
invention also yet further contemplates such overlap between 
the second set of external gear teeth of the circular gear and 
the internal gear teeth of the rotational output hub as to 
define thereby a point of maximum overlap therebetween. At 
such point of maximum overlap, the second set of external gear 
teeth of the circular gear and the internal gear teeth of the 
rotational output hub are in disengaged disposition, and are 
in engaged disposition at a radial distance of greater than 0- 
but less than 90«, as measured in the first radial direction 
la the first preferred embodiment, . but as measured in the 
second radial direction in the alternative preferred embodi- 
ment wherein the number of gear teeth in the first and second 
sets of external gear teeth of the circular gear are not the 
same. 

The length of such engagement between the teeth of 
the second set of gear teeth of the circular gear and those 
of the rotational output hub is greatest nearest the point of 
B»aximum overlap between the circular gear and the rotational 
output hub, and the length of such engagement diminishes for 
gear teeth disposed at increasing radial distance from the 
point of maximum overlap in the embodiments where the number 
of gear teeth in the first and second sets of external gear 



-11- 



0108841 



teeth are equal in ntunber, and the opposite for alternative 
preferred embodiments where such number of gear teeth is not 
the saxoe. 

Referring now to the drawing and to Pig, 1 in parti- 
cular, the improved transmission apparatus of the present in- 
vention^ generally designated at 10 ^ includes a motor output 
shaft 12 having mounted at the distal end 13 thereof a beveled 
gear 14 • Output shaft 12 is mounted in a first housing pbrtion 
16 and journaled for rotation by mectns of bearings 18 and 20 • 
Motor shaft beveled gear 14 matingly engages transmissioh 
spindle shaft beveled gear 22, which is fixedly mounted on the 
transmission spindle shaft 24. Trcmsmission spindle shaft 
24 is mounted on housing 16 and journaled for rotation' therein 
by means of becurdlngs 26, 27. hs set forth in Fig. 1, motor 
output shaft 12 may be disposed perpendicvi 1 ar ly to transmission 
spindle shaft 24. In other embodiments, motor output shaft 12 
may be disposed in-line disposition with transmissioh r spindle 
shaft 24. 

The distal end 25 of transmission spindle shaft 24 
has an eccentric 26 fixedly mounted thereon for eccentric ro- 
tation thereby, Bccentric 26 is rotationally mounted in a 
circulcuc gear 28 by means of bearings 30,32. 

Circular gear 28 is operatively connected to transmit 
the rotational motion of transmission spindle shaft 24 through 
and by means of eccentric 26. Circular gear 28 has first and 
second sets of external gear teeth 34, 36. An annulus gear 38 
having internal gear teeth 40 is fixedly mounted with respect 
to circular gear 28 by fixed attachment between first housing 
portion 16 and second housing portion 41, which portions are 
secured by housing connecting bolts 43. Eccentric 26 is fix- 
edly mounted on transmission spindle shaft 24 and freely 
mounted thereon for rotation thereabout is circular gear 28 
for maintaining circular gear 28 and annulus $ear 38 in over- 
lapping relationship, for engaging their respective gear teeth, 
namely the first set of external gear teeth 34 of circular 
gear 28 and internal gear teeth 40 of fixedly disposed annulus 
gear 38, for rotation of circular gecir 28 under the influence 
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of annulus gear 38 in a second radial direction which is op- 
posite to. the first radial direction of the transmission 
spindle shaft 24. 

A rotatable drive hub 42 having internally disposed 
gear teeth 44 is disposed to surround a distal portion of cir- 
cular gear 28, with internal gear teeth 44 of drive hub 42 
engaging the second set of external gear teeth 36 of circular 
gear 28 to provide overly between circular gear 28 and drive 
hub 42. Connected to drive hub 42 is rotational output shaft 
46 which is joumaled for rotation by bearings 48, 50 within 
second housing portion 41. An output wheel 52 is fixedly 
attached to output shaft 46 by means of a wheel hub bolt 53. 

The housing is preferably sealed and may be filled 
with a lubricant. A diaphragm 54 is sealingly disposed on 
housing 41 adjacent to wieel hub bolt 53 to form a sealed 
chamber 56 for controlling the pressure and volume of the 
interior of the housing. 

Referring now to Pig. 2, housing 41 for the in^jroved 
transmission apparatus 10 of the present invention is shown 
with housing conniecting bolts 43 for holding together the two 
portions 16, 41 of the housing, as described hereinabove 
Housing connecting bolts 43 likewise serve to fixedly dispose 
annulus gear 38 with respect to the housing. Annulus gear 38 
includes a designated number of internal gear teeth 40, the 
embodiment shown in Fig. 2 having twenty-six (26) such Internal 
gear teeth 40. Disposed inside annulus gear 38 is circular 
gear 28, Fig. 2 showing the portion of circular gear 28 con- 
taining the first set 34 of external gear teeth. The embodi- 
ment deleted in Fig. 2 has twenty-five (25) such external 
gear teeth in the first set 34 thereof. Lightness in weight 
of circular gear 28 may be enhanced by webbed construction, 
which includes a plurality of radially disposed spokes 58 con- 
necting an inner portion 60 with an outer portion 62 thereof. 
Circular gear 28 includes a central aperature 64 therein, 
which contains eccentric 26 freely mounted for rotation of 
circular gear 28 thereabout by means of bearings 30. Shown in 
dotted lines are the proximal 23 and distal 25 portions of 
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transmission spindle shaft 24 to emphasize that eccentric 26 
is disposed off-center with respect to fixedly disposed 
emnul\is gear 38. Thus, as transmission spindle shaft 24 ro- 
tates in the first radial direction (see Arrow A) , eccentric 
26 is rotated in a path eccentric to annulus center point 
thereby to cause the first set 34 of external gear teeth of 
circular gear 28 to overlap internca gear teeth 40 of annulus 
gear 38 ^ to define thereby a point of maximnm overlap P^^. As 
eccentric 26 rotates, with eccentric center point E revolving 
planetarily about annulus center point C the first set of exter 
nal gecu: teeth 34 of circular gear 28 is forced into engage- 
ment with internal gear -teeth 40 of fixedly disposed annulus 
gecu: 38. Inasmuch as eccentric 26 is mounted for free rotation 
by means of the circimferentially disposed bearings 30 r the 
engagement between the respective gear teeth causes rotation 
of circular gear 28 in the opposite radial direction, as 
depicted by Arrow B. Thxis, a hypocycloid is traced at reduced 
rotational speed within annulus gear 38 by circuleir gear 28. 

fief erring now to Figs. 2 and 4, the respective gear 
teeth 34a, 40a are in disengaged disposition, at the point of 
maximum overlap between first set 34 of external gear teeth 
of circular gear 28 and internal gear teeth 40 of fixedly dis- 
posed annulus gear 38, but are in engaged disposition at a 
radial distance therefrom of greater th ^n 0^, but less than 
90** as measured in the second radial direction, as indicated 
by Arrow B. The length of the engagement between the first 
set 34 of gear teeth of circular gear 28 and internal gear 
teeth 40 of annulus gear 38 is greatest near the point of 
maxim\Tm overlap P^^ between circular and annulus gears 28, 38. 
In Pig. 4 teeth 34b, 40b have the longest such engagement, 
with the length of the engagement respectively diminishing 
for gear teeth 34c, 40c, 34d, 40d, and 34e, 40e, disposed at 
increasing radial distances from the point of may-iinnTn overlap 
Pj^. The result is that the respective gear teeth of the first 
set of gear teeth of circular gear 28 and internal gear teeth 
40 of annulus gear 38 first come under load while at maximum 
engagement, as- shown in Figs. 2 and 4, and tip loading is 
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prevented, which decreases the frictional loss of in^roved 
transmission apparatus 10 and prevents tip damage. 

Referring now to Fig. 3, rotatable drive hub 42 
having internally disposed gear teeth 44 is disposed within 
housing second portion 41 of improved transmission apparatus 
10. Internal gear teeth 44 of drive hub 42 engage the second 
set 36 of external gear teeth of circular gear 28 vt^n overlap 
between circular gear 28 and drive hub 42. The overlap there- 
between is as is discussed hereinabove in regard to Pig, 2. 
The teeth of the second set 36 of eactemal gear teeth of cir- 
cular gear 28 are twenty-five (25) in number, which corresponds 
to the twenty- five (25) internal gear teeth 44 of rotatable 
drive hub 42. Thvis, the produced reverse rotational speed 
described hereinabove in connection with the hypocyclic motion 
between circular gear 28 within the fixedly disposed annulus 
gear 38 is transmitted to rotatable drive hub 42, as shown in 
Fig. 3. As above in Pig. 2, the overlap between second set 
36 of external geax teeth of circular gear 28 and internal 
teeth 44 of drive hub 42 defines a point of ma^ji^^ overlap 
therebetween P^' 'Aich is in the same, longitudinal plane as 
the point of mayimn m overlap between first set 34 of exter- 
nal gear teeth of circular gear 28 and internal gear teeth 40 
of fixedly disposed annulus gear 38. Second set 36 of external 
gear teeth of circular gear 28 and internal teeth 44 of drive 
hub 42 are in disengaged disposition at the point of maximum 
overlap and in engaged disposition at a radial distance of 
greater than 0° but less than 90" as measured in the first 
radial direction, as shown by Arrow A. The length of the en- 
gagement between second set 36 of gear teeth of circtilar gear 
28 and internal gear teeth 44 of drive hub 42 is greatest near- 
est the point of mnximtwn overlap T?^, and the length of the 
engagement diminishes for gear teeth disposed at increasing 
radial distance from the point of maximum overlap P2. Thus, 
the respective gear teeth 36, 44 first come under load while 
at a maximnm engagenent and tip loading is prevented thereby 
to decrease frictional loss and tip damage. 
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An altexmative embodiiaent of the improved transmis- 
sion apparatus of the present invention, as depicted in Fig. 5, 
is similar to the embodiment of Figs. 2-4, except for the num- 
ber of gear teeth present in the second set of external gear 
teeth of the circular gear. Also, the gear teeth of such 
second set of external geeur teeth are preferably shaped simi- 
larly to those of the first set of external gear teeth. In 
the embodiment of Fig. 5 the difference between the nvunber of 
gear teeth must be the same as the difference between the 
second set of gear teeth of the circular gear and those of the 
drive hub. In such embodin^t as shown in Fig. 5, the annulus 
gear has 26 gear teeth and the first set of external gear teeth 
of the circiaar gear has 25 gear teeth; and the drive hub has 
25 gear teeth with the second set of extemsa gecur teeth having 
24 gear teeth. 

The gear reductions obtained by the embodiments of 

Figs. 2-4 and Fig. 5 are shown respectively in equations 1 and 

2 as follows: 

Equation 1 Equation 2 

Gc^ Gc^ Hr 

^ GCj^ - R£ ^ ^ Gc^ - Af ^ GCj - Hr 

where R is the gear ratio, Gcj^ and Gc^ are the respective num- 
ber of gecur teeth in the circular gear . 20 or 128, and Af and Hr 
are respectively the number of gear teeth in fixed anTwi^ig 
gear 38 and in rotatable drive hub 142. 

Hence, applying the above equations, the embodiment 
of the improved transmission apparatus of the present inven- 
tion as shown in Figs. 2-4 attains a gear ratio raduction of 
-25 to be characterized as a "two-stage" gecu: reduction, and 
attai n s a gear ratio of +625 to 1. 

The method of operation of the alternative preferred 
embodiment as shown in Fig. 5 is somewhat different from the 
emhodlmpnts d^icted hereinabove. One difference is that the 
rotational output is in the same rotational direction as the 
rotational input, rather than in the reverse rotational direc- 
tion as in the embodiment of Figs. 2-4. Another difference is 
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that in the embodiment of Pig, 5 the first set of external 
gear teeth of the circular gear are in engaged disposition with 
respect to the annulus gear at a radial distance of greater 
than 0» but less than 90» as measured in the first radial di- 
rection, rather than in the second radial direction, as shown 
in the onbodiment of Pigs. 2-4. Also, the second set of ex- 
ternal gear teeth is in engaged disposition with respect to the 
drive hub at a radial distance of greater than 0- but less than 
90* from the point of maximum overlap as measured in the second 
radial direction. Purthermore, the length of such engagements 
in the alternative preferred embodiment of Pig. 5 are least 
nearest the point of maximum overlap between the circular gear 
teeth and respectively the annulus gear or drive hub, and the 
length of such engagement increases for gear teeth disposed at 
increasing radial distances from the point of maximum overlap. 

Beferring now to the drawing and to Pig. 5 in parti- 
cular, rotatable drive hub 142 having internally disposed gear 
teeth 144 is disposed within housing portion 141 of improved 
transmission apparatus 110. Internal gear teeth 144 of drive 
hub 142 engage the second set 136 of external gear teeth of the 
circular gear 128 i^on overlap between circular gear 128 and 
drive hub 142. The overlap therebetween is similar to that 
depicted in Pigs. 2-4. The number of gear teeth in the second 
set 136 of external gear teeth of the circular gear 128 is 24 
in number, ^Aereas the number of gear teeth 144 in rotatable 
drive hub 142 is 25 in number. Thus, applying the formula 
described hereinabove, the gear reduction ratio attained by 
the -second stage- of Pig, 5 is 25 to 1. Multiplied by the 
25 to 1 gear reduction of the "first stage,- the resulting 
gear reduction for the entire apparatus is 625 to 1. 

As in the embodiment set forth hereinabove with • 
respect to Pigs. 2-4, the overlap between the second set 136 
of external gear teeth of circular gear 128 and internal teeth 
144 of drive hub 142 defines a point of maximum overlap there- 
between P3. The second set 136 of external gear teeth of cir- 
cular gear 128 and internal teeth 144 of drive hub 142 are in 
disengaged disposition at the point of maximum overlap P and 
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in engaged disposition at a radial distance of greater than 0® 
but less than 90** as measured in the second radial direction, 
as shown by arrowB'. Contrastingly, the point of engagement 
is on the opposite side of the point of maximum overlap 
from that of the embodiment depicted in Figs. 2-4. The length 
of the engagement between the second set 136 of gear teeth of 
circular gear 128 and internal gear teeth 144 of drive hub 142 
is least nearest the point of maximnm overlap P^r and the 
length of the engagement increases for gear teeth disposed at 
increasing radial distances from the point of maximum overlap 
P3. Thus^ the respective gear teeth 136^ 144, first come 
under load ^^ile at a minimal engagement. Preferably, the 
point of such engagement is sufficiently far removed in dis- 
tance from the tip of the gear to avoid tip loading and thus 
damage to such gear tips. 

As in the embodiment of Pigs^ 2-4 lightness in weight 
of circular gear 128 is preferably enhanced by a webbed con- 
struction, which includes a pliirality of radially disposed 
spokes 158 coimecting an inner portion 160 with an outer por- 
tion 162 thereof. 

The various gears in the in^roved hypocyclic trans- 
mission apparatus of the present invention may be made of any 
material of sufficient strength and durability, and non- 
machined materials are preferred: examples are forged, cast, 
molded or extruded metal, plastic, or other relatively rigid 
and durable materials. 

The basic and novel characteristics of the improved 
transmission apparatus of the present invention and the ad- 
vantages thereof will be readily imderstood from the foregoing 
disclosure by those skilled in the art. It will become readily 
apparent that various changes and iK>dif ications may be made in 
the form, construction and arrangement of the combination ap- 
paratus set forth heredLnabove without departing from the spirit 
and scope of the invention. Accordingly, the preferred and al- 
ternative embodiments of the present invention set forth here- 
inabove are not intended to limit such spirit and scope in any 
way. 
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WHAT IS CLAIMED IS: 

1. An linproved hypocydic drive transmission apparatus for 
reducing the rotational speed of the output of a motor and 
increasing the torque thereof, said improved transmission 
apparatus ooioprising: 

a transmission spindle shaft rotating in a first 
radial direction; 

a circular gear having first and second sets of 
external gear teeth, said circular gear operatively connected 
to said transmission spindle shaft for rotational movement 
thereby; 

a fixedly disposed annulus gear having internal 
gear teeth, the internal gear teeth of said annulus gear 
engageable with the first set of external gear teeth of said 
circular gear upon overlap between said circular gear and said 
annulus gear; 

ecceitric means fixedly mounted on said transmission 
spindle shaft and £ceely mounting said circular gear thereon 
for maintaining BsdA circular gear and said annulus gear in 
overlapping relationship, for engaging the respective gear 
teeth thereof, and for tracing a hypocycloid at reduced 
rotational speed within said annulus gear 1^ said circular gear 
in a second radial direction which is opposite the first radied. 
direction of said transmission spindle shaft; 

a rotatable drive hub having internally disposed 
teeth and disposed to surround a portion of said circxilar gear, 
the internal teeth of said drive hub engaging the second set 
of external gear teeth of said circular gear upon overlap - 
between said circular gear and said drive hub; and 

rotational output means connected to said drive hub 
for receiving the reduced rotational speed output. 

2. The improved hypocyclic drive transmission apparatus of 
claim 1 wherein said circular gear is operatively connected 
by means of a centrally disposed opening therein to said 
transmission spindle shaft. 
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3. The in^roved hypocyclic drive tiransmisslon apparatus of 
claim 1 vdierein said eccentric means comprises cam means 
disposed in the centrally disposed opening of said circular 
gear. 

4. The inqproved hypocyclic drive transmission apparatus of 
claim 1 wherein said eccentric means coitprises crank arm 
means • 

5. The improved hypocyclic drive transmission apparatus of 
claim 1 wherein the number of internal gear teeth of said 
cumulus gear is greater than the number of gear teeth of the 
first set of external gear teeth of said circular gear. 

6. The iii5>roved hypocyclic drive transmission apparatus of 
claim 1 wherein the number of internal gecur teeth of said 
drive hub is the same as the number of gear teeth of the 
second set of external gear teeth of said circular gear. 

7. The improved hypocyclic drive transmission apparatus of 
claim 1 wherein the number of internal gear teeth of said 
drive hub is greater than the number of gear teeth of the 
second set of external gear teeth of said circulaur gear. 

8. The iiiproved hypocyclic drive transmission apparatus of 
claim 1 wherein the first and second sets of external gear 
teeth of said circular gear are equal in number. 

9. The iii^>roved hypocyclic drive transmission apparatus of 
claim 8 wherein each gear tooth of the first set of external 
gear teeth of said circular gear corresponds to a gear tooth 
of the second set of external gear teeth of said circular gear 
and said corresponding gear teeth are disposed in a common 
plane, said plane being longitudinal to the axis of rotation 
of said circular gear. 
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10. The i]K^>roved hypocyclic drive transmission apparatus of 
claim 1 wherein the number of gear teeth in said first and 
second sets of external gear teeth are different in number. 

11. The iu^roved hypocyclic drive transmission apparatus of 
claim 10 wherein the difference between the number of gear 
teeth of said annulus gear and said first set of external gear 
teeth is equal to the difference between the number of gear 
teeth of said drive hub and said second set of external gecur 
teeth of said circular gear. 

12. The improved hypocyclic drive transmission apparatus of 
claim 1 wherein each of the first and second sets of external 
gear teeth of said circular gear is circumferentially disposed 
on said circular gear in separate planes disposed in spaced 
relationship and normal to the axis of rotation of said circu- 
lar gear. 

13. The improved hypocyclic drive transmission apparatus of 
claim 1 further ccmprising motor linking menas for drivingly 
connecting the motor and said transmission ^indle shaft. 

14. The in^roved hypocyclic drive transmission apparatus of 
claim 13 wherein said motor linking mMnfz con^rises a motor 
output shaft mounting for rotation bevel gear means, said 
bevel gear mecuis engaging mating bevel gear mMn f? mounted for 
rotation on said transmission spindle shaft, \rtiereby the ro- 
tational drive from the motor may be transmitted for driving 
said ro t a t ional output means having an axis of zrotation* per^ 
pendicular to the axis of rotation of the motor means. 

15. The inqproved hypocyclic drive transmission apparatus of 
claim 14 wherein said motor output shaft is joiimaled for 
rotation within bearings on at least one longitudinal side of 
said bevel gear mounted thereon. 
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16. The iiqproved hypocyclic drive transmission apparatus of 
claim 13 wherein said motor linking means comprises a direct 
coupling with the motor means. 

17. The improved hypocyclic drive transmission apparatus of 
claim 1 wherein the rotational output means con^rises an output 
shaft which is connected to a work performing means for rota- 
tion by said output shaft. 

18. The improved hypocyclic drive transmission apparatus of 
claim 17 wherein said work performing means is a wheel, 

19. The iii^>roved hypocyclic drive transmission apparatus of 
claim 17 wherein said work performing means is a sprocket. 

20. The improved hypocyclic drive transmission apparatus of 
claim 17 vdxerein said work perfoinaing means is an auger. 

21. The improved hypocyclic drive transmission apparatus of 
clcuLm 1 further including a housing for Bsdjd improved hypo- 
cyclic drive transmission apparatus. 

22. T!bB impjcbved hypocyclic drive transmission apparatus of 
claim 21 wherein said housing is sealed and substantially 
filled with a lubricant. 

23. The improved hypocyclic drive transmission apparat^us of 
claim 22 further con^rising diaphragm mg^ang communicating with 
the interior of said housing for controlling the pressure and 
volume thereof. 

24. The improved hypocyclic drive transmission apparatus of 
claim 1 herein the overlap between the first set of external 
gear teeth of said circular gear and the internal gear teeth 
of said fixedly disposed annulus gear defines a point of max- 
imum overlap therebetween, 

the first set of external gBax teeth of said circU- 
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lar gear and the internal teeth of said anniilus gear being in 
disengaged disposition at said point of Tnay-jT i^TTn overlap, and 
in engaged disposition at a radial distance of greater than 0^ 
but less than 90® as measured in said second radial direction. 

25. The improved hypocyclic drive transmission apparatus of 
claim 24 wherein the length of the engagement between the 
first set of gear teeth of said circular gecur and said awmiitig 
gecu: is greatest nearest the point of maximum overlap of said 
circular and annulus gears, and the length of the engagement 
diminishes for gear teeth disposed at increasing radial dis- 
tance from the point of maximum overlap. 

26. The improved hypocyclic drive transmission apparatus of 
claim 1 wherein the overlap between the second set of external 
gear teeth of scd.d circular gear and the internal gear teeth 
of said drive hub defines a point of maximum overlap there- 
between, 

the second set of external gear teeth of said cir- 
cular gear and the internal teeth of said drive hub being in 
disengaged disposition at said point of maximum overlap, and 
in engaged disposition at a radial distance of greater than 
0** but less than 90® as measured in said first radial direction. 

27. The inqproved hypocyclic drive transmission apparatus of 
claim 26 wherein the length of the engagement between the 
second set of gear teeth of said circular gear and said drive 
hub is greatest nearest the point of maximum overlap between 
-said circular gear and said drive hub, and the -length of the 
engagement diminishes for gear teeth disposed at increasing 
radial distance from the point of maximum overlap. 

28. The improved hypocyclic drive transmission apparatus of 
claim 10 wherein the overleqp between the first set of external 
gear teeth of said circular gear and the internal gear teeth 
of said fixedly disposed annulus gear defines a point of maxi- 
mum overlap therebetween , 
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the first set of external gear teeth of said circu- 
lar gear and the internal teeth of said anniilus gear being 
in disengaged disposition at said point of maximum overlap, 
and in engaged disposition at a radial distance of greater 
than 0«» but less than 90» as measured in said first radial 
direction. 

29. The iinproved hypocyclic drive transmission apparatus of 
claim 28 wherein the length of the engagement between the 
first set of gear teeth of said circular gear and said annulus 
gear is least neeurest the point of niayimim overlap of said 
circular and anntaus gears, and the length of the engagement 
increases for gear teeth disposed at increasing radial dis- 
tance from the point of ma m-m} overlap, 

30. The improved hypocyclic drive transmission apparatus of 
claim 10 wherein the overlap between the second set of external 
gear teeth of said circular gear and the internal gear teeth 
of said drive htdb defines a point of maximum overlap there- 
between, 

the second set of external gear teeth of said cijc- 
cnlar gear and the int e rnal teeth of said drive hub being in 
disengaged disposition at said point of maximum overly, and. 
in engaged disposition at a radial distance of greater than 
0" but less than 90 •» as measured in said second radial direc- 
tion. 

31. The improved hypocyclic drive transmission apparatus of 
claim 30 wherein the length of the engagement between the 
second set of gear teeth of said circular g6ar and said drive 
hub is least nearest the point of maximum overlap between 
said circular gear and said drive hub, and the length of the 
engagement increases for gear teeth disposed at increasing 
radial distance from the point of maviTu^ overlap. 
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